Introduction
Gingival recession is defined as the apical shift of the gingival margin with exposure of the root surface (1) . Many factors have been suggested as the cause of marginal tissue recession including plaque-induced inflammation, toothbrush trauma, tooth alignment, orthodontics, and restorative procedures. Gingival recession may lead to esthetic problems, dentin hypersensitivity, root caries, and non-carious cervical lesions (NCCLs) (2) . In many cases, cervical lesions may exist and involve both the crown and the exposed root, causing the disappearance of the anatomic cementoenamel junction (CEJ) (3) . Miller recessions are categorized as Class I and II when there is no loss of bone or soft tissue in the proximal area of the affected tooth and 100% root coverage can be anticipated in these cases. Many studies have confirmed that Miller Class I and II recessions can be predictably covered by soft tissue after techniques such as coronally advanced flaps (CAF), connective tissue grafts (CTG), and other pedicle flaps (1) .
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NCCLs are described as wear of the tooth structure at the level of the gingival one-third of the tooth due to reasons other than dental caries (4, 5) . NCCLs can involve only the crown of the tooth (enamel and/or coronal dentin) or only the root surface (cementum and/ or root dentin) or they can occupy both the crown and exposed root. NCCLs involving the root are commonly associated with gingival recession (6) . In such cases, traditional mucogingival surgical techniques without any restorative treatment would not effectively achieve complete coverage (7); therefore, the combination of an adhesive restorative material and a mucogingival surgical approach might be a solution (8) . The ideal treatment of NCCL involving the crown and the root should involve combined restorative and periodontal treatment (6) .
Resin ionomer materials have many properties that allow the successful restoration of NCCLs and those in the subgingival area (9-11) including self-adhesion to dentin and enamel, epithelial and connective tissue adherence, better mechanical strength, and smoother surface than conventional glass ionomers (10) . Epithelial and connective tissue adherence to resin ionomer restorative materials is observed during the healing process (10) . Gingival recessions associated with NCCLs can be treated successfully with a glass ionomer restoration combined with a coronally advanced flap, with or without a connective tissue graft (12) . It has been reported that subgingival sites in patients with large root lesions restored with resin-modified glass ionomer cements presented clinically healthy periodontal tissues that were well adapted to the root surface with no bleeding on probing (BOP) and minimum sulcus depth (10) . Additionally, histological evaluations demonstrated fibroblast and connective tissue adhesion to the restorations (10) . Recent studies investigating different restorative materials (resin-modified glass ionomer or microfilled resin composite) that could be used on exposed root surfaces affected by deep caries or cervical abrasions prior to surgical coverage showed clinically and histologically successful results (13, 14) .
Nanotechnology is one of the most advanced areas for current research and is integrated in all disciplines for the development of biosynthetic and user-friendly materials using nanoparticles (15) . Nanomedicine is defined as the science of preventing, diagnosing, and treating diseases and preserving and improving human health with the use of nanotechnology (16) . Developments in the field of resin-modified glass ionomer cement (RMGIC) using nanotechnology have led to the introduction of nano-ionomer cements (NIC), which have the combined benefits of RMGIC and nanosized (10 −9 m) particles (17) . The major innovation of this material involves the incorporation of nanotechnology, which allows highly packed filler composition (69%), of which approximately two-thirds are nanofillers (18) . Major advantages of nanoionomer filling are better polishability and smoother surface texture (19) . The null hypothesis tested in the present study was that comparable root coverage and esthetic results would be achieved after performance of SCTG + CAF on teeth presenting with gingival recessions without NCCLs or with NCCLs that were restored with cervical fillings. A secondary aim was to compare the results of the fillings made with either conventional RMGIC or NIC. The study included those who were non-smokers, had no systemic disease, had no contraindication for periodontal surgery, had not taken medications known to restrict wound healing, presented with Miller Class I gingival recessions associated with NCCLs in maxillary or mandibular anterior or premolar teeth, with probing depth (PD) <3 mm and no BOP, had no root canal treatment and absence of restoration and severe occlusal interferences, and had no previous periodontal surgery in the area to be treated. Recession defects associated with evidence of pulpal pathology as well as molar teeth were not included. Bearing in mind that NCCL may be due to a multifactorial process, including tooth structure loss caused by nonbacterial acids (erosion), traumatic tooth brushing (abrasion), or occlusal loading (abfraction), all subjects were enrolled in a pretreatment program to eliminate the possible etiologic factors related to NCCL and gingival recession. The pretreatment program included scaling, root planning, and crown polishing. Oral hygiene instructions including a non-traumatic brushing technique and soft toothbrush were also provided in the pretreatment program. The participants were instructed to avoid excessive consumption of acidic beverages or foods.
Materials and Methods

Study groups
We evaluated three groups in the present study: resinmodified glass ionomer cement filling group (RMGIC, Vitremer, 3M ESPE, St. Paul, MN, USA), nano-ionomer cement filling group (NIC, Ketac N-100; 3M ESPE, Seefeld, Germany) (test groups), and the control group without NCCL (Table 1) . Each group included 18 teeth with Miller Class I gingival recessions. In the test groups, NCCLs were restored with either RMGIC or NIC filling materials. For Vitremer restorations, the primer was applied to the cavity for 30 s and dried using an air syringe for approximately 15 s. Next, the dried primed surfaces were light cured for 20 s and appeared glossy after light curing. The powder and liquid were mixed according to the manufacturer's instructions (Table 1 ). For Ketac N-100 restorations, primer was applied to the cavity for 15 s and dried using an air syringe for 10 s, and the dried primed surfaces were light cured for 10 s. Paste A and paste B were dispensed on a mixing pad using a Clicker Dispenser. Mixed cement was loaded into a delivery tip and syringed into the cavity by keeping the syringe tip immersed in the material to minimize air entrapment. The restoration was condensed and contoured with a plastic filling instrument and cured for 40 s immediately after curing restoration was finished and polished using aluminum oxide disks of decreasing abrasiveness (SofLex; 3M ESPE) ( Table 1) .
CTG combined with coronally positioned flap were performed after the fillings were done (Figs. 1, 2 ). In the control group, only the CTG combined with coronally positioned flap were performed on teeth with only gingival recession (Fig. 3) .
Clinical evaluations
After the initial therapy, the following parameters were recorded as baseline measurements: 1) PD: distance from the gingival margin to the base of the gingival crevice; measured as the distance from the gingival margin to the mucogingival junction; 9) Keratinized tissue thickness (KTT): measured at the midpoint between the gingival margin and mucogingival junction using an endodontic spreader, and a silicone stop was placed in contact with the soft tissue surface once the spreader reached a hard surface (KTT = distance from the endodontic spreader tip to the silicone stop as measured with a digital caliper); 10) Height of cervical lesion (HCL): measured as the distance between the coronal and apical margins of the NCCL; 11) Width of cervical lesion (WCL): measured as the distance between the mesial and distal margins of the NCCL; 12) Dentin sensitivity (DS): recorded according to the answers of the participants regarding the presence or absence of cervical hypersensitivity in the related teeth; and 13) Esthetic score (ES): recorded according to Cairo et al. (21) . Marginal tissue contour, soft tissue texture, mucogingival junction alignment, and gingival color values were evaluated, and points were given to these parameters. The ideal ES was 10 (21).
NCCLs were treated randomly with RMGIC or NIC restorations. Randomization was performed by computer-generated numbers in sealed opaque envelopes by the specialist who restored all NCCLs (AK). Prior to the study, the examiner (CKD) measured the PD and HGR of all patients two times within 24 h, with at least 1 h between examinations. The intra-examiner k index resulted in 89% agreement for PD and HGR. Masking of the examiner was not possible due to the possibility to observe which restorative material was used.
Surgical procedure
All surgical procedures were done 10 days after the restoration procedures. The surgical procedure was performed using the Langer and Langer technique (22) . After local anesthetic administration, the incision at the coronal margin of the flap was started with a horizontal intrasulcular incision at the buccal aspect of the involved tooth. Two horizontal incisions were made at right angles to the adjacent interdental papillae 1 mm apical to the coronal border of the NCCL. Two vertical incisions were placed at least one-half to one tooth wider mesiodistally than the area of gingival recession and were extended beyond the mucogingival junction. A trapezoidal split thickness flap was raised, the area was irrigated with sterile saline solution, and the epithelium on the adjacent papillae was stripped away. Preparation of the donor site involved placing the incisions between the distal aspect of the canine and the midpalatal region of the first molar area using the parallel incision technique or the trap-door technique. A SCTG of adequate size and 2 mm thickness was harvested. The donor site was sutured with silk 4-0 sling sutures. At the recipient site, the SCTG was placed under the flap, which was positioned coronally (CAF) and sutured with silk 5-0 simple loop sutures.
Statistical analysis
The study power was calculated using PC-SIZE software (Dallal GE, Boston, MA, USA) considering the standard deviation of each group prior to the study. A difference of 1 mm in gingival recession and CAL between the groups was considered clinically significant. This analysis indicated that the study would have >80% power to detect a 1 mm difference in gingival recession and CAL for intergroup comparison with 18 subjects in each group (11) . SPSS statistical software for Windows, version 16 (SPSS Inc., Chicago, IL, USA) was used for data analysis, and Fisher exact test was used to analyze the qualitative variables in the three groups. Normality of data was analyzed by the Shapiro-Wilk test; normally distributed baseline and changes (Δ) data were analyzed by one-way ANOVA test, and intergroup pairwise comparisons were done using the Duncan test when statistically significant differences were found. The changes (Δ) in data, which were not normally distributed, were analyzed by KruskalWallis test, and pairwise comparisons were done by Dunn test when statistically significant differences were found. Comparisons of normally distributed data within the groups were assessed by repeated measures ANOVA, and pairwise comparisons were done using the Bonferroni test. Furthermore, Friedman test and pairwise Dunn test were used for non-normally distributed variables.
Results
A total of 54 Miller Class I gingival recession defects (36 with NCCL, 18 without NCCL) were treated with SCTG + CAF, and no patient experienced healing complications or adverse events. In the present study, 22 patients had one tooth, 10 patients had two teeth, 3 patients had three teeth, and 1 patient had four teeth with gingival recessions associated with or without NCCLs.
Cervical lesion parameters
The mean baseline HCLs in the RMGIC and NIC groups were 4.39 ± 0.91 mm and 4.28 ± 1.22 mm, respectively. The mean baseline WCL was 3.00 ± 0.76 mm for the RMGIC group and 3.5 ± 1.2 mm for the NIC group. Patients in the control group had no cervical lesions. There were no statistically significant differences between the test groups according to the baseline CA measurements (P = 0.84 for HCL and P = 0.18 for WCL).
Within-Group Comparisons
Statistically significant reductions were recorded in HGR, WGR, and HKT in all groups and at all time points when compared to baseline (P < 0.05), and significant improvements associated with root coverage percentage were detected at all time points (P < 0.05) (Tables 2, 3, 4) . Additionally, KTT was significantly higher than baseline at 6 months (P < 0.05) ( Table 2) .
No significant differences were found in PD values between time points when periodontal parameters were evaluated in all groups (P > 0.05). A statistically significant CAL gain was recorded at the 3rd month compared with baseline (P < 0.05), whereas no significant changes were observed between the other follow-up periods (P > 0.05). BOP values did not change significantly between time points (P > 0.05).
In the RMGIC and NIC groups, PI values were significantly higher at all time points when compared to baseline, except in the 3rd month (P < 0.05). However, no statistically significant differences were found in PI values between time points in the control group (Table  5) .
Between group comparisons
At baseline, there were no statistically significant differences between the groups in PD, CAL, GI, BOP, CA, PI, gingival recession, or keratinized tissue parameters (P > 0.05). At 3, 6, and 12 months, there were no statistically significant differences between the groups at any followup time point in PD, CAL gain, GI, BOP, PI, gingival recession, root coverage, or keratinized tissue parameters (P > 0.05) (Tables 3, 4, 5) . The percentages of root coverage at 12 month follow-up were 89.49%, 90.12%, and 96.22% in the RMGIC, NIC, and control groups, respectively (Table 5) .
Dentin sensitivity and esthetic score A total of 41 defects (11 from RMGIC, 17 from NIC, and 13 from control groups) (75.1%) had DS at baseline, whereas no significant differences were found between the groups according to patient distribution at baseline (P = 0.06). When compared with baseline, a significant reduction in DS was seen in all groups at follow-up visits. Only 1 patient in the RMGIC group still complained about DS at 12 months, and there were no significant differences between groups regarding DS reduction (P = 0.66).
No statistically significant difference was detected between the groups when 12 month ES values were evaluated (P > 0.05). ES was similar in the RMGIC and NIC groups (9.06 ± 1.43) and was higher in the control group than in the test groups.
Discussion
The attachment of gingival tissue grafts on cervical restorations is a continuous topic of research. Although some clinical trials have made comparisons between restored and unrestored surfaces (14, 23) , research on the most predictable treatment option is ongoing. Treatment decision making can be difficult due to factors such as the location, extension, and depth of the cervical lesion depending on the soft tissue defect (24) . Recent studies have shown clinical and histological success investigating different restorative materials (RMGIC or microfilled resin composite) that could be used on exposed root surfaces affected by deep caries or NCCLs prior to surgical coverage with SCTG + CAF (13, 14) .
The present study had two purposes: to clinically evaluate the root coverage results with CTG on cervical fillings and to compare the two different filling materials. For this purpose, SCTG + CAF was performed on teeth with Miller Class I gingival recessions and cervical fillings to determine the rate of root coverage on the cervical restorations, and the results of the conventional and nanofilled materials were compared. To evaluate the effect of fillings on the success rate, a control group with only gingival recession without cervical lesions treated with SCTG + CAF as gold standard recession treatment was also included in the study.
Root coverage percentages at 12 months were 89.49%, 90.12%, and 96.22% for the RMGIC, NIC, and control groups, respectively. The highest percentage of root coverage was observed in the control group, and the coverage percent was higher in the NIC group than the RMGIC group although the difference was not significant. Based on our results, the minimum PD with successful CAL gain and root coverage in the area of recession in all groups may be evidence of new connective tissue attachment as has been reported in several other histological studies (25, 26) . Previous histological evaluations showed fibroblast adhesion and connective tissue attachment to the restorations (10, 27, 28) . While the results of the present study regarding connective tissue attachment should be interpreted with caution due to lack of histological analysis, the clinical appearance of treatment outcomes (root coverage and CAL gain) may be considered as connective tissue attachment of grafts to cervical restorations.
The use of restorative materials for cervical lesions prior to surgical root coverage procedures has been proven in many studies. Santamaria et al. reported that the presence of RMGIC restoration under SCTG might not be an obstacle for soft tissue coverage (11). Lucchesi et al. reported successful root coverage improvement without periodontal tissue damage with the use of CPF for treatment of root surfaces restored with RMGIC and microfilled resin composite (23) . Based on our findings in the present study, it can be assumed that, in accordance with Santamaria et al. (11) , the presence of restoration in the cervical region may not prevent the soft tissue coverage that can be achieved by using the SCTG + CAF procedure. We found that that the RMGIC and NIC materials showed comparable amounts of root coverage when compared with the control group with no cervical lesion.
Different studies in the literature have evaluated the impact of restorative approaches on the periodontium. Some of these studies have reported that the subgingival portion of dental restorations may cause gingival inflammation as well as development of gingivitis and associated periodontitis by increasing local plaque accumulation (29, 30) . Dragoo (10), Alkan et al. (9) , and Santamaria et al. (11) have reported good periodontal health with RMGIC when used in subgingival and transgingival restorations (9) (10) (11) . In the present study, no site in any group showed BOP at any time point. Additionally, there were no significant differences in GI and PI values between the groups, which is in accordance with the above-mentioned studies suggesting the use of RMGIC for subgingival restorations. As in the RMGIC group, the NIC group showed no BOP or clinical signs of gingival inflammation to suggest material biocompatibility when used subgingivally. Additionally, it can be assumed that following up patients for monthly prophylaxis, plaque control, and oral hygiene instructions will ensure gingival health during the study period.
A DS evaluation was performed whereby patients were asked about the presence or absence of sensitivity before and after the root coverage procedures without any thermal and tactile stimulus. All groups showed significantly reduced DS between baseline and the subsequent observation periods, and no significant differences in DS reduction were found between the groups. Santamaria et al. reported better DS reduction in the RMGIC and CTG groups than in the CTG group (11) . In the present study, ES values according to Cairo et al. were high in all groups but no significant differences were observed (21) .
To investigate the hypothesis that the crown portion of the cervical lesion primarily composed the most coronal zone of the cervical lesion, an estimation of the position of the CEJ by the Zucchelli technique was performed (3). According to this method, a scalloped line representing attachment loss at the CEJ is drawn following the patient biotype and connecting the ideal dimension of the adjacent papilla. Due to the properties of Miller Class I defects, it was possible to estimate the CEJ and thereby height of gingival recession.
Several studies in the literature have shown successful treatments of cervical lesions associated with gingival recessions with RMGIC and CAF procedures with or without CTG (9, 11, 23, 24) . In the present study, NIC was tested versus RMGIC for the restoration of cervical lesions before the root coverage procedure (SCTG + CAF), and a control group without cervical lesion was chosen as a gold standard. To our knowledge, this is the first study in the literature to evaluate the effect of NIC in the treatment of gingival recession associated with NCCL. Resin ionomer materials have many properties (self-adhesion to dentin and enamel, epithelial and connective tissue adherence, better mechanical strength, and smoother surface compared to conventional glass ionomers) that allow them to be used successfully in the restoration of NCCLs and in the subgingival area (9-11). Alternatively, the major reported advantages of nanoionomer filling are better polishability and smoother surface texture (19) . According to the present study, NIC was not superior to RMGIC; however, RMGIC and NIC materials showed comparable amounts of root coverage when compared with the control group with no cervical lesion. The smoother surface texture of both restorative materials would allow them to be successfully used for the treatment of NCCL-associated gingival recession prior to surgical coverage. Further studies with large samples and longitudinal observation are necessary to confirm the stability of the results of this combined approach in the treatment of these combined lesions.
In this study, the tested materials for NCCLs were conventional RMGIC and NIC restorations. We found that teeth with gingival recessions associated with NCCLs may be successfully treated with an integrated periodontal and restorative dentistry approach, and root coverage with CTG may be successfully obtained on cervical fillings.
